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(54) Sound absorbing article and method of making same 



(57) A sound dampening glazing, for example an 
automotive windshield, in one embodiment includes a 
pair of glass sheets. In cross section and moving from 
one glass sheet to the other there is an interiayer e.g. 
polyvinyl butyral, an intermediate sheet e.g. a polyester 
sheet having a surface harder than the surface of the 
interiayer to smooth the interiayer surface, a sheet of 
dampening material, an intermediate sheet, an inter- 
iayer and the other glass sheet in another embodiment, 
the glazing has two sheets of dampening material each 
having different sound dampening temperature range to 
provide the glazing with sound dampening properties 
over a broader temperature range. A method for making 
the glazing is also disclosed. 
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BACKGROUND OP THF ll 
1. Field of the Invantinn 



rtf J^}^ r ° n . r * iaiBS J° 8 «" nd l absofbin 0 article and. more particularly, to a glazing e,g. a windshield, side win- 
dow and/or rear w-ndow of a veh.de. having vibration dampening or sound absorbing properties and method of mattng 



2. Discussion of the Presently Av ailable Tcchnni^y 

fam^^ a T« a ' ed ^t 056 1*? in lhe art vtoration 080 have damaging effects on products that cause per- 
formance loss and failure, and transmit noise resulting in human discomfort 

1 JTr^Zl ava " able J hat «W ^" sed to reduce vibrations. One product is a family of vtecoelastic polymers sold 
£ ,2i£E^SE? markS i >S r 0, ,SD 1 12 - ,SD 1 13 and SJ 2015. These polymers are advertised for use 
an£j£S am0n9 ^ buildings, cars, electronic equipment, photography equipment, and air 

«ri2£S!£5.2 e r r ^ 8ei U- t ? S ^ S8 j° n iS dam P enin 9 vibrations »** are produced by aerodynamic flow and acoustic 
^vXl^„T. ± V ^ ,C,e ^f 3 " 98 *"* 86 Windshie,ds - side windows and/or rear windows of land. sea. air and 
2mnl^£S Ih^^r 68 , ^ 0m ^ e flb2inflS W transpar6nd «' ™ d 'ear windows may be monolithic 
I ^ Sl£ t 9 ^!? Wm ? WS haVin9 sheete * 9,ass ' or laminated glass sheets that may 

Sl 8 ^ 8 W h !? f^ened sheets, and windshields may be annealed glass sheets laminated 
L^ th/ol^fl J^l ^^ SheetS 01 monolithic ann6a,ed 9^ sheet having an anblacerative sheet over a sur- 
^ !L 9 ! * feanfl 106 mtenor 01 vehicle. The monolithic tempered glass sheets provide minimal sound 
^! r6a fl! e doubte 9 ,a2ed w^ows provide more sound absorption. T^e interia^JrS inZSo icSn 
SS2££££?^ to being effective to secure fragments of glass in place in the ever/the glass JSSS^SS 
broken provides the windshield with some sound dampening. w v ' 

,.nJ^^!S? 5* *° improve the oomfort of Passengers in automobiles by reducing transmission of 
ZSiS S^T* ^ haV8 J^ CJ A Ud9d maWnS ,aminated 9,868 havino 'ntarlayer materials with er^ed Sund 
arTp^T^pe^ely °' ^ ^ ^ ^'^ 733 468 diS ° USS aUtomolh ' B SOU " d bam ' er windshields 

EP-A-566 890 presents a discussion of sound insulation performance of laminated glass and discloses an inter- 
ftS!" 038 " gating 9,835 danpens vibrationa In general, sound insulation performance is measured** 
E^ZST 0 " ( ^ S I faCto ° 81 Vary " IB fr «» uenoies - So^d insulation as discussed in EP-A-566 890 is described 
5 SiitSf-f. 8 ^!!^ ™' Ue 84 500 * or above, depending on the sound insulation grada The sourS SSation 

fffeS^coin^SSii^ 88 5 ,H «f ranfl8 Centered ar0Und 2000 ° f ^ coincidence 

JS^S^TST for me Pbenomenon wherein, when the sound wave hits the glass plate, the 

ngidrty and the mert.a of the glass plate cause propagation of transverse waves on the glass surface, and these tens 
verse waves resonate with the Incident sound, resulting in sound transmission 

»«Jt^^l bl ^l 66 899 afthough conventional windshields are superior in terms of the prevention of scat- 
tered fragments, they do not avoid the reduction in sound insulating performance caused by the coincidence effect* 
the frequency range centered around 2000 Hz. On the other hand, based on the loudness-l Jel contour ft^ot^STt 
;22 B c ^° r t Sen8itiVe 10 8 ° Und m ran9e * 1 ° 00 - 6000 * compared with 
bTtS cSrSenceXcT """"^ °' 8 ° Und COn,ral to eRnlinate the dr °P in sound insulating performance cauS 

^ JThS^T W8 gating performance of laminated glass, ft is necessary to mitigate the coincidence 

P revent *a decreases in the minimum transmission loss caused by the ooinoUmMM 
(hereinafter, this minimum is referred to as the TL value"). 

if ?° disdoses various "ay 8 to Prevent the decrease in the TL value, such as an increase in the mass of 

i 888 ' mult, -' ayered 0lass - segmentation of the glass area, improvement of lhe facilities to support the 
glass plate and improvement in the interlayer film for laminating the glass sheets. 

that tV^^^^ZT 1 to JT^ 6 e " 9 ' 9tezln9S 10 dampen vibrations to reduce transmission noise 

that are additional products to the products presently available made using the available technology. 

This object is attained by a sound dampening article comprising a first rigid sheet having a major surface and a 
sheet of vtoiatwn i dampening material adhered to the major surface of said rigid sheet and a second sheet having a 
? Ce adored to the major surface of the sheet of vibration dampening material wherein that sheet is sand- 
wiched between the first and second sheets. 
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Preferred embodiments of the sound dampening article according to the present invention are described In the depend- 
ent claims. 

One embodiment of this invention relates to a sound dampening glazing e.g. an automotive glazing having a tem- 
pered glass sheet having a major surface and a sheet of vibration dampening materia! adhered to the major surface of 
the sheet wherein the sheet of dampening material is an acrylic viscoelastic polymer. 

The invention also relates to a sound dampening article e.g. a panel for a window or wall having a first rigid sheet 
and a second rigid sheet Facilities are provided for securing first and second sheets of vibration material to each other 
and between the rigid sheets with a major surface of the first sheet of dampening material in facing relationship to the 
first rigid sheet and a major surface of the second sheet of dampening material in facing relationship to the second rigid 
sheet The first sheet of dampening material has predetermined vibration dampening properties different than the pre- 
determined vibration dampening properties of the second sheet whereby the article is effective to dampen vibrations 
over vibration dampening property range of the first and second sheets of vibration dampening material. 

This invention further relates to a sound dampening article e.g. a windshield or a rear window having a first and sec- 
ond rigid member each having a major surface. Facilities are provided for maintaining a sheet of dampening material 
between the first end second rigid sheets to transmit vibrations acting on one rigid sheet through the sheet of dampen- 
ing material to dampen the vibrations acting on the rigid sheet 

The invention still further relates to a method of making a sound dampening laminated article. The method includes 
the steps of placing a non-tacky sheet on opposed tacky surfaces of a sheet of dampening material. An interlayer and 
thereafter a glass sheet are positioned on each of the non-tacky sheets. Thereafter the sheets and interlayers are joined 
together to form the sound dampening article. 

BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING 

Fig. 1 is a front elevated view of an article incorporating features of the invention. 
Fig. 2 is a view taken along line 2-2 of Fig. 1. 

Figs. 3-8 are views similar to the view of Fig. 2 illustrating various embodiments of the invention. 

Fig. 9 is a fragmented view similar to the view of Fig. 2 showing a molding around edges of the article 

DETAILED DESCRIPTION O F THE INVENTION 

Shown in Fig. 1 is a front elevated view of an article 20 incorporating features of the invention. As will be appreci- 
ated, the invention is not limited to any specific article, and the invention may be practiced to reduce vfo rations to pre- 
vent damage to equipment ami/or to reduce noise pollution. By way of example, but not limiting to the invention, the 
article 20 may be a window for any type of structure e.g. a home, skyscraper and/or a shed; a window for any type of 
vehicle e.g. land, sea, undersea, air and/or space vehicle, and/or may be an outer covering for a structure and/or vehicle 
e.g. a wall, a housing, an aircraft skin and/or a car body. 

With reference to Fig. 2, the article 20 includes a sheet 22 hereinafter referred to as outer sheet 22 and a sheet 24 
hereinafter referred to as the inner sheet 24. The designations "outer sheer and "inner sheer are not limiting to the 
invention and used for convenience to reference the sheet facing the interior of the structure and/or vehicle which is the 
"inner sheer and the sheet facing the exterior of the structure and/or vehicle which is the "outer sheet". Facilities 26 
incorporating features of the invention and to be discussed in more detail below join the outer and inner sheets 22 and 
24 together. 

The sheets 22 and 24 may be made of any material e.g. glass, metal, plastic, refractory or combinations thereof. 
Further, the sheets, in particular glass sheets, may be made of clear glass, colored glass, coated glass and glass hav- 
ing additives to absorb selective wavelengths of the solar spectrum; the glass sheets may be thermally tempered, heat 
strengthened, chemically tempered and/or annealed, and the glass sheets may be flat or bent The sheets 22 and 24 
may be of any thickness; however, as can be appreciated by those skilled in the art, increasing the thickness of the 
sheets to dampen vtorations increases the weight of the article 20. 

In the following discussion, but not limiting to the invention, the article 20 is a transparency or glazing e.g. a wind- 
shield, side window, bade window, and/or canopy for a vehicle. 

With continued reference to Fig. 2, in this embodiment of the invention, the facilities 26 include an interlayer 28 
adhered to major surface 30 of the outer sheet 22 and to major surface 32 of a sheet 34 of a sound dampening material 
and an interlayer 36 adhered to opposite surface i.e. major surface 38 of the sound dampening sheet 34 and major sur- 
face 40 of the inner sheet 24. The interlayers 28 and 36 are not limiting to the invention and are made of a material that 
adheres the outer and inner sheets 22 and 24 to the sound dampening sheet 34. tn the instance where the sheets 22 
and 24 are glass sheets e g. the article 20 is an automotive windshield, the interlayers 28 and 36 are selected to pref- 
erably maintain fragments of glass in position i.e. prevents glass and/or plastic fragments from becoming projectiles, in 
the event the outer and/or inner glass sheets are fractured. As can be appreciated, the later feature is of particular inter- 
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n^TJ h JL S ? eetS S"? 2 i 8re made of a™ 1 ^ glass. The interiayers 28 and 36 may be sheets of ptasticized 
po ywryl biityrd may be sheets of ethylene vinyl acetate, hereinafter refened to as "EVA ormay ZSmSSSSI 

oentthe interiayers 26 and 36 may be differentially stretched e.g. as disclosed In US-A-(s) 4.201.351 and/or 4.554 713 

' 3M 2iS2n^? TS* T b6 ma * 01 "V dart,periln 9 material eg. dampening materials soid by 

3M Corporation eg acrylic viscoeJasbc polymers sold under the maris ISD 1 io. ISD 1 12 ISD 1 13 and SJ 2>n« ~ 

f^ 6 ""^ 31 ^ 81 8 ° U * EAa SpeciaK y a division of Cabot Safe* ConSSn ao aSS^ 

urethane estomers sold under the mark ISOLOSS and ISODAMP. ^ 9 ' a Iamlly <* P«y- 

. ^^S^^f' 8 01 1,19 0lazin fl 2°- sheets 22 and 24. the interiayers 28 and 36 and 

dampening material are not limiting to the invention. In the instance when the artde 20 an ^ 

0 OWE! *<i SSSef^Si^JSL , '^ mm ' ""f^ ( ° 079 10 0098 inCh) 20 10 25 mm - and most preferably 
.k u ^_oir! "1? 2,2 r mm - ,n 106 lnsten ce when the article 20 is an automotive side window or rear win*™, 
. ^ft 2 !^ thennaJly tempered f tat or bent glass sheets having a tnSSn to. S to olS 

™ ^ £ ^ (0071 to 0087 «"<*) 1 .8 to 2.2 mm and most preferab)y (0075 gj" » 

rZ^!^n < l ttlashe ° ts 22 24 ^."ave e black border around the marginal edgea to prevei dearL^ 
of the underlying adhesive that secures the glazing to the body of the vehicle, aegradabon 

In the instance when the article 20 Is an automotive glazing, the interlavers 28 and as h*w» * ,„ „. 

of (0.0004 to 0.0020 inch) 0.010 to 0.050 mm. preferably^ (O.odoito 0 0012 SJolo SI^S 

sr^r^r^^^rjr - - ~ - ■ ^ ess 

a! fa? IIT ' "J? 1,16 *■*">■* Solex. and samples 8-49 were made using dear glasTsheets^ 

and 24. Sample 1 had peripheral dimensions of (6 by 12 inches) 0 15 bv 0 30 meter- M nLLv?i ^S • k . 

by 0.30 meter. All the samples had dampening sheet 34 of ISO 1 12 oolvmer sold hv 3M r^™^-nfJ 1 , } 

%£3 6 °" «* r * de * 106 dampening sheet 34. The dampening sheet of ISD 1 12 poymer h^preSu e slnSesS 
K^Sr^X? 0n K Y P ^" 9 * th6 intenayer sheets and dampening sheet togetherto effect aSthTabZe^n 

p^SJusl bfeStESftS f^T^ 0 ^ abOUt 1,19 interlayar *— 88 ^ *• The assembSe^: 
th7ed?eT-S^SS^ ^ ed ' n I 6 automoBve teminating art to draw air from between the sheets and seal 

^™«™. f assembly having the sealed edges was laminated in an air autoclave The creams!™ ^ 

^.SrS n ° rma " y . USe ? intheartof manufacturing laminated auSSK wSdSST" 9 
indi-f- ^ I 9 ' , S3nlp<eS were v,sua »y inspected and orange peel was observed. "Orange peel" as the term 

^h Jfte !!^^ sheets of glass because glass sheets provide a hard surface. More particularly the surfaces of 

the^h« 1ST "T? the Sheet 01 dampening material with substan^e^^^ Sct^^ 
Table 1 shows particulars of the samples, and the results of the various tests conducted on the samples. 
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1 PVB means polyvinyl butyral 

3 BVA means ethyl vinyl acetate 

3 URE means urethane 

4 «X» means a test was conducted and the results discussed below 
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hn JS£! I' J? Wef ! teSted for exposure ' More Particularly, sample 1 was tested for performance in high 
humidrty. The humidity was conducted pursuant to Federal Motor Vehicle Safety Standard (FMVSS) 205 and sample 1 
showed no visible degradation and is considered to have passed the test. Samples 38 and 39 were tested for perform- 




ance in boiGng water. The test was conducted pursuant to FMVSS 205. Both samples are considered to have failed the 
test because air bubbles were observed throughout the laminate. 

Although the failure of samples 38 and 39 is not completely understood, it is believed the samples 42 and 43 failed 
because the surfaces of the ur ethane and EVA were not embossed or rigid and therefore air between the sheets was 
5 not removed during prepressing. It is believed the samples would have passed the test had the surfaces of the irrt ertayer 
been embossed. 

Sample 4 was aeroacoustic tested by Cornell University. The control sample for all acoustical tests discussed 
herein was a monolithic sheet of glass of the type sold by PPG Industries, Inc. under the tradename Sblex. the sheet 
has a thickness of (0.160 inches) 4.1 mm The control sample performance was the baseline for the tests discussed 
10 herein. Sample 4 had an average improvement In noise reduction of 7.2 decibels (dB). Sample 5 was a backup to sam- 
ple 4 and was not tested. 

Sample 6 was tested pursuant to ASTM E-90-90. The control sample had a Sound Transmission Class (STC) rat- 
ing of 28 and sample 6 had a rating of 34. The higher the rating, the better the sound insulating quality. Samples 2, 3, 
7 and 9 were backup samples to sample 6 and were not tested. 

is Sample 8 was tested pursuant to Society of Automotive Engineers (SAE) J 1400. Sample 8 had an average 
improvement of 4.5 dB over the control sample. 

The impact resistance test was conducted pursuant to MVSS 205. The designation "F" on the table means the 
sample failed the test and the designation "P" on the table means the sample passed the test It is believe the sample 
having EVA irtterlayers failed because the material was not strong enough to resist penetration. However, thicknesses 

20 greater than 0.030 inch (0.8 mm) are expected to pass the test The samples using PVB having a thickness of (0.030 
inch) 0.8 mm passed whereas PVB having thickness of (0.015 inch) 0.4 mm Med Indicating that thicker PVB is pre- 
ferred. 

With reference to Fig. 3 V there is shown another embodiment of the invention. Glazing 50 shown in Fig. 3 has the 
sheets 22 and 24 joined together by facilities 52. The facilities 52 include the sheet 34 of dampening material adhered 

25 to the surface 30 of the outer sheet 22, and the surface 38 of the sheet 34 of dampening material to the interiayer 36. 
The interiayer 36 is adhered to the major surface 40 of the inner sheet 24. 

One sample having the cross section shown In Fig. 3 was constructed. The sample was made of flat clear glass 
sheets having a thickness of (0.09 inch) 2.3 mm. The dampening sheet 34 was ISD 1 12 polymer sold by 3M Corpora- 
tion having a thickness of (0.002 inch) 0.05 mm The interiayer 34 was polyvinyl butyral purchased from Monsanto Com- 

so parry and had a thickness of (0.030 inch) 0^6 mm. 

Samples of the glazing 50 shown in Fig. 3 were fabricated as follows. The sheet 34 of ISD 112 dampening material 
was positioned on the glass sheet 22. The interiayer sheet 36 was positioned on the surface of the dampening material 
and the outer glass sheet 24 placed over the interiayer sheet 36. The assembly was laminated as previously discussed. 
After laminating, the samples were visually inspected, and orange peel was observed. This sample was not tested for 

35 acoustical performance. 

in Fig. 4 there is shown a further embodiment of the invention. Glazing 60 shown in Fig. 4 has the glass sheets 22 
and 24 adhered together by the sheet 34 of dampening material. 

Two samples of the glazing 60 shown in Fig. 4 were made using ISD 112 polymer sold by 3M Corporation as the 
sheet of dampening material, and four samples were made using Isodamp C 1002 material sold by E.A.R. Specialty 

40 Composites, a division of Cabot Safety Corporation as the sheet of dampening material. The samples were laminated 
as previously discussed. The samples using ISD 112 polymer were made of flat glass sheets 22 and 24 of the type sold 
by PPQ under the trademark Solex having a thickness of (0.09 inch) 2.3 mm and peripheral dimension of (24 by 24 
inches) 0.60 by 0.60 meter. One samples had a sheet of ISD 112 polymer (0.01 0 Inch) 0.25 mm thick and the other had 
a sheet of ISD 1 1 2 polymer (0.002 inch) 0.050 mm thick. 

45 The sample having the sheet of ISD 112 polymer having a thickness of (0.010 inch) 0.25 mm was tested for sound 
dampening pursuant to ASTM E-90-90 and subject to an aeroacoustics test by Cornell University. The sample had an 
ASTM E-90-90 STC rating of 34 and had a noise reduction of 6.2 dB according to the aeroacoustic test The samples 
did not have orange peel. 

The samples using Isodamp C 1002 were made of clear flat glass having a thickness of (0.09 inch) 2.3 mm. The 
so Isodamp C 1002 for each sample had a thickness of (0.030) inch 0.8 mm. Two samples using isodamp C 1002 had 
peripheral dimensions of (12 by 12 inches) 0.30 by 0.30 meter and the other two samples had peripheral dimensions 
of (24 by 24 inches) 0.60 by 0.60 meter. 

Each of the samples had voids between the glass sheet and the sheet of Isodamp C 1002. These samples are con- 
sidered not acceptable for automotive glazing as having trapped air bubbles between the glass sheets which most likely 
ss will result in delamination. It is believed air was trapped between the sheets causing the voids because the sheets of 
Isodamp C 1002 are smooth making removal of air during laminating difficult As can be appreciated, use of an adhe- 
sive to join the glass sheet to the sheet 34 may eliminate the problem caused by trapped air. One (24 by 24 inch) 0.60 
by 0.60 meter sample having Isodamp C 1002 was tested for acoustics pursuant to ASTM E-90-90 and to the aeroa- 
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^"S UCled ^ C ° mSa ' ^ S8mP,e ^ 8 STC ^W"Q of 34 and a noise reduction of 4.5 dB better than 

or j^o?:z t:rZ?*zT M havin9 a Wue co,or - * ran be apprecia,ed ' ,hs ^ is not rec - 

1 - „ ^ Safflpl9S "** ' SD 1 12 havinfl ** cr088 8ection ^ in "A- * dW not have orange peel as no ribbed sheet 
e.g. intertayer was used to secure the sheets together. Although the design of the glazing 60 is E^SnltelS 

^^r^ 0 ^* 113 * 4,36 *W>^«i glass sheete. it is not preferred for mrtomofive^nciSS^^^^^S^J 
glass sheets because there are no provisions tor retention of glass particles. anneaiea 

o fcj^t^ffijfr in R9 - 5 - me fo,,owin9 background ^ ^ 30 apprec ^°" - 

aoiS^SoTl^SoTi?^^^^?' ^ SeV6ra ' ^ of viscoe, «^ Poller e g. under the marks SJ 
Z JZw ■ ' £ . S ° 1,16 P° , y mere so| d under the marks SJ 2015. ISD 112 and IS0 1 13 are pressure 
sensitive viscoelas* : polymers that require only rolling with a roller or squeegee to effect a good bond bWeen 
ymer sheet and anothersheet or substrate. The polymer sold underarm* ISD 1 1 0 is te* ^ at roo^ temped 
S J^^Zf are : eqUired to ^ 8he8te 01 ,SD "0 PO'ymer to another sheet or substS^c^ to aSSl 
ated. when selecting a dampening material for use in a production process, tt is preferred to use a material thaSS- 
free so that sheets are easy to handle and do not stick together. Further there is less p^^iUW rf wSina at^-tl 
sheet when rapidly applying it to another sheet or substrate than a sheet that has a tKsuXe! 

As the terms are used herein, a Tacky surface" is a surface that is sticky at room temperature and/or reauires 

and requires heating, more than mmimal pressure and/or adhesive to adhere it to another surface 

From the foregoing discussion it can be appreciated that ISD 110 or other non-tacky materials are oreferred- h™, 

to about (1 13'F) 45-C A loss factor of 1 or greater is preferred to dampen vibrates that cause nofeeWsrnissfon 
From a temperature andloss factor. ISD 1 12 polymer is preferred; however, from a handling standi mi7 D ^X 
mens Referred. The embodiment of the glazing 70 shown in Fig. 5 may be used to eliminate the fimtation of havEa a 
sheet of dampening material that has a tacky surface, may also be used to eliminate orange be used" 

to prevent migration of undesirable components (discussed in detail below) 

i^JH^o?.'*!^ 'l F,t L 5 1136 thS 8,166,8 22and24 secured together by facilities 72. The facilities 72 include the 
l^TJS^JZ^V*!!*^ Sh6et 34 3nd irt ^iate sheets 74 and 76. The intermediate S 74 fe 
S^tSjS ° th9 dampenin 9 she9t 34 irrteriayer 28. and the intermediate sheet 76 is between and 
^r^^T"" 19 mate " al 34 and me 36 " *• instance where the intermediate sheets am usi for 

8 d f am P en,n ? eheet having a tacky surface, the intermediate sheets 74 and 76 are maXoT^rmtT 
I J? V*™* 1 * Plastic ' metaJ ' »"* S ,ass - ° r ceramic. In the instance where the sh«S 22 eS 2 7a« 
TnlaTj^ 6h8ete . * "FT"* *• sh eets 74 and 76 have a hard surface to smooth the ndges hfcTXrfJ 
ers 28 and 36 as previously discussed. As can now be appreciated intermediate sheets 74 and TsWbeSsed wHh 
ttdrihM .dampening material to smooth ridges in the intertayer. Materials that have a hard surface anTnWuteJS 
smooth ridges are plastics, metal, wood, glass or ceramics. TOyDe useoto 

f r^'lo e J2 S / anCe T he I e ? e interlayers 28 and 36 are made of a material that has components) that may miorate 
IZS^fT ^ 9 dam P eni "0 ShMl and deteriorate the dampening sheet, the immediate ZSS 
^InT^^ ^ migration - * ^ <* exanp.e and not limiting to the invention, an Tnirlayer of 
plasttazed polyvinyl butyral was a base upon which a viscoelastic polymer was applied and then subseouentiv cured 

^ 9 ~ red %r de,e : i0rated - The deterioration of the ISD 1 12 polymer is beTeved to be TSSSSSSK 
moating out the intertayer into the polymer causing chemical deterioration. Intermediate sheei 74 and TO crfpS 

r^o^^ 

no J*™ 06 a PP re ^ t6d ^ selecting a material for the intermediate sheets 74 and 76. the final use of the article 

SfS^i^T^ .u b8 transparent and 1,16 and the '"dex of refraction of the layers similar to that of the 
SXSTtfSZSZZ? ^ er ^ at9 fc S !r ,8 , 74 ^ 76 may be 91388 or P"ssBe ea polyester, ethylene vl^ 
sn^n rS^*^! h 6 ln 7 m,on - <" ^ster were used because they had a hard smooth surface to 
SS ! 'nteriayermaterial; they are transparent, they are non-tacky, they have an index of refraction similar 

^ 5 ?™ de '"?I 0ved P^s^on resistance, they may be tinted, coated for aesthetic and solar control3 
they prevent migration of the pfasticizer used in plaeticlzed polyvinyl butyral interlayers 

The thickness of the intermediate sheets 74 and 76 are not limited to the invention and for automotive glazing may 
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have a thickness in the range of (0.0005 inch) 0.013 mm) to (0.020 inch) 0.26 mm, preferably in the range of (0.001 
inch) 0.025 mm to (0.015 inch) 0.38 mm and most preferably in the range of (0.001 inch) 0.025 mm to (0.01 0 inch) 0.25 
mm. As can be appreciated for certain materials, increasing the thickness increases the stiffness. The above thickness 
ranges are acceptable for, but not limiting to, intermediate sheets of polyester. 

5 Twenty-six (26) samples were made having the cross section of the glazing 70 shown in Fig. 5. Samples 1 -12 were 
made of clear glass sheets 22 and 24 and samples 13-26 were glass sheets 22 and 24 sold by PPG industries. Inc. 
under the trademark Soiex. The glass sheets of samples 1-12 had a thickness of (0.09 inch) 2.3 mm, and the glass 
sheets of samples 13-26 had a thickness of (0.08 inch) 2.1 mm. Samples 1-14 were made of flat glass and samples 15- 
26 were made of bent glass. Samples 1 -10 had peripheral dimensions of (12 by 12 inches) 0.3 by 0.3 meter, and sam- 

10 pies 11-14 had peripheral dimensions of (24 by 24 inches) 0.6 by 0.6 meter and samples 1 5-26 were two car sets for 
the 1996 Chrysler Town and Country van. Each set included a window for the front door, cargo door and rear quarter • 
for the passenger and driver side (for a total of 12 samples). Samples 1-14 having fiat glass were laminated as previ- 
ously discussed. Samples 1 5-26 having bent glass were laminated as follows. Each sample was placed in a plastic bag, 
and the bags having the assemblies were placed in an air autoclave. During laminating, a vacuum was applied to the 

16 bags to draw air from between the sheets, and thereafter the assembly was laminated. The dampening sheet was ISD 
1 1 2 polymer sold by 3M Corporation. Samples 1-14 had a thickness of (0.002 inch) 0.051 mm, and samples 1 5-26 had 
a thickness of (0.001 inch) 0.025 mm. The sheets 28 and 36 of tnteriayer material for samples 1 -4 was EVA and for sam- 
ples 5-26 was polyvinyl butyral. The EVA and polyvinyl butyrai each had a thickness of (0.015 inch) 0.06 mm. The inter- 
mediate sheets 74 and 76 were each polyester having a thickness of (0.015 inch) 0.06 mm. None of the samples had 

20 orange peel. 

Samples 1 1 and 1 4 were tested for acoustics pursuant to SAE J 1 400 and sample 1 1 had an average improvement 
of 3.0 dB over the control sample and sample 1 4 had an average improvement of 4.1 dB over the control sample. Sam- 
ples 1 2 and 1 3 were tested pursuant to ASTM E90-90 and the STC ranking for samples 12 and 13 was 33. Samples 1 - 
4 and 8-10 were impact resistance tested and passed. Samples 1 and 5-8 were tested for humidity pursuant to MVSS 
25 205 and passed. 



Table 2 



45 



Samples 


Material of Inter- 
layer Sheets 28 
and 36 


Thickness of Inter- 
layer Sheets 28 
and 36 in Inches 


Results of Acous- 
tics Test 


Results of Impact 
Test 


Results of Expo- 
sure Test 


1 


EVA 


0.015/0.015 




AS1-P 


P 


2 


EVA 


0.015/0.015 




AS1-P 




3 


EVA 


0.015/0.015 




AS1-P 




4 


EVA 


0.015/0.015 




AS1-P 




5 


PVB 


0.015/0.015 






P 


6 


PVB 


0.015/0.015 






P 


7 


PVB 


0.015/0.015 






P 


8 


PVB 


0.015/0.015 




AS2-P 




9 


PVB 


0.01570.015 




AS2-P 




10 


PVB 


0.015/0.015 




AS2-P 




11 


PVB 


0.015/0.015 


X 






12 


PVB 


0.015/0.015 


X 






13 


PVB 


0.01570.015 


X 






14 


PVB 


0.01570.015 


X 






15 


PVB 


0.01570.015 








16 


PVB 


0.015/6.015 








17 


PVB 


0.01570.015 








18 


PVB 


0.01570.015 
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Samples 


Material of Inter- 
layer Sheets 28 
and 36 


J Thickness of Irrter- 
I layer Sheets 28 

1 onH 9 A in Inr4iae> 

i co iu od in incnes 


I Results of Acous- 
I lies Test 


Results of Impact 
Test 


Results of Pmn* 

sure Test 


19 


PVB 


1 o ni**/n m*; """" 








20 


PVB 


0.015/0.015 








21 

w 


PVB 


O01 5/0.01 5 








22 


PVB j 


I 0.015/0.015 








23 


PVB j 


0.015/0.015 








24 


PVB 


0.015/0.015 f 








25 


PVB | 


0.015/0.015 [ 








26 


PVB f 


0.015/0.015 T 









Withreference to Rg. 6. there is shown another embodiment of the invention. Glazing 80 shown in Rg 6 has the 
^* 22 *" d f |4 Jomed together by facilities 82. The facilities 81 include two sheets 34 and 84 of^X mafeS 
andone sheet 29 of .nterlayer material. The glazing 80 shown in Rg. 6 was not constructed and te^ SeTer itS 

^S£So^^ dampenfn9 properfies ^ ■ emp,oys «*> sheeis - *»p«*i sszssz 

■n,« ^ th J S °^ Ued ref f rence toR 9- s - * e Sluing 80 is shown having two sheets 34 and 84 of dampening material 
™ 9 * e «s of dampening material may have a loss factor over different temperature ranges. R* S^uMD 
, d « m P«* n 9 sheet 34 and ISD 1 13 polymer as the dampening sheet 84. the glazinTw^nave a 

^factor of at le^about1.0 tor me tenperature range of (14-R-10-Cto(1^ 
factor of greater than about 1 in the temperature range of about (14'F) -10«C and 68»F 20«C 

29 B lS^^ a ^ 6Ciat6d ' th6 i "! ermed '3te sheets 74 and 76 may be used on one or both sides of the irtterlayer sheet 
29 shown m Rgf^for purposes discussed above in regards to Rg. 5. 

oi,„J?ooTl nfl -, to F, °- 7 there is snown another embodiment of the invention. Glazing 90 shown in Rg 7 includes the 
t^Zf' ^ dampening material 34 and a sheet 92 of antilacerative material of the ^>e knowTn meSutomS^ Z£Z 
SSSL^TSS ? artl, f era8ve 8h8et 92 the type used in the automotive art. Ascan^SS 
^-?an?a " ° n 0Ut6r 8U ' feCe °* any of 108 S' 821 ^ 2 °. «>. 60. 70. 80 and 1 Msnown to 

sheeTS S oSS tUftS ppo f^" 9 ^ 0X086 6ection in R 9' 7 were constructed and tested. Each sample had a 
sheet 22 of glass sold by PPG Industnes. Inc. under the trademark SbJex and a thickness of 4 1 mm and r.~Lh*,»i 
d,menston of (2 by 2 ieeQ 0.60 by 0.60 meter. The dampening material wasTsD 1 V^po^er sold Tv3M^™««n 
havmg a i thickness of (0.002 inch) 0.05 mm. One sample had a poly vinyl butyral having^Snei oU TSSSXi 

^JS^n^JSK,!?^ had a trans P arent P^ycarbonate sheet having a toickness of ^75 mm 

(0.030 inch) on the sheet of ISD 1 12 polymer having a thickness of (0.002 inch) 0.05 mm. The sample navmatoenob 
vinyl butyral and PET sheet were tested for acoustics pursuant to ASTM E-90-90 and had™ STC^nwTS 29 Sd 
the aeroacoustc test conducted by Cornell Univeraity had a noise reduction of 2 5 dB 9 29, and 

Referring now to Rg. 8. there is shown another embodiment of the invention. Glazing 100 shown in Ro 8 far nur 
^ZS^i'^^ZZF"* transparency. The grazing 100 mc^^^e^n* 
flTlT . 1 ' SheetS 102 • nd 104 to P revent 0010 ch <PPing of the glass sheets 22 and 24 due to differences 
m temperature coeffiaent of the materials of the glazing, a sheet 106 of polyvinyl butyral and toe dam^g sSI? 
Aimraftgnsparenaes of the type shown in Rg. 8 less the dampening £eeta?e ^£*ZIms™Z1S^ 

„„ ^continued reference to Rg. 8. in place of or in addition to the dampening sheet 34 between the glass sheets 
22 and 24. a dampening sheet may be mounted on the outer surface of toe laminate 100 usinX a JangeS shoS 

Thefa^M 

A molding 114 of toe type known in the art is placed around the edges of the glazing 1 10 or injection molded around 
and on the penpheral edges 116 and marginal edges 118 of the glazing 110. The mofding mS^SSS^ 
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used as a barrier to the ambient environment and atmosphere. Further a moisture and/or gas impervious sealant or 
adhesive 120 of the type used in double glazed unit e.g. as taught in EP-A-0 475 213 which teachings are hereby incor- 
porated by reference may be used to secure the molding to the periphery of the article and/or marginal edges of the 
outer sheets 22 and 24. 

5 As can now be appreciated, the above embodiments of the invention were presented for purposes of illustration 
and are not limiting to the invention. For example, features of each glazing shown in Figs. 2-9 may be interchanged or 
used in combination with each other. 
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Ljst of reference numbers 

20 Article, window 

22 outer sheet 

24 inner sheet 

26 facilities between outer and inner sheets 

28 tnterlayer 

29 intermediate sheet 

30 major surface of outer sheet 
32 major surface of sheet 34 

34 sheet of sound damping material 

36 tnterlayer 

38 major surface of sheet 34 

40 major surface of Inner sheet 24 

50 glazing 

52 facilities 

60 glazing 

70 glazing 

72 facilities 

74/76 intermediate sheets 

80 glazing 

82 facilities 

84 damping sheet 

90 glazing 

92 sheet antilaceratrve material 

1 00 glazing/laminate 

1 02/1 04 sheets to prevent cold chipping 

1 06 polymer sheet 

110 glazing 

112 faculties 

114 molding 

116 peripheral edges 

118 marginal edge 

120 adhesive 
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Claims 



1. 



A sound dampening article (20, 50, 60, 70,80, 90, 110) comprising a first rigid sheet (22) having a major surface 
(30) and a sheet (34) of vibration dampening material adhered to the major surface (30) of said rigid sheet (22) and 
a second sheet (24, 92) having a major surface (40) adhered to the major surface (38) of the sheet (34) of vibration 
dampening material wherein that sheet (34) is sandwiched between the first and second sheets (22, 24, 92). 

2. The sound dampening article (20, 50, 60, 70, 80, 90, 1 10) of claim 1, wherein said first rigid sheet (22) is a glass 
sheet or a metal sheet 



3. The Bound dampening article (20, 50, 60, 70. 80, 90, 110) of claims 1 or 2, wherein said second sheet (92) is a 
ss plastic sheet having antilaceratrve properties. 

4. The sound dampening article (20, 50, 60, 70, 80, 90, 1 1 0) of claims 1 or 2, wherein said second sheet(24) is a glass 
sheet or a metal sheet 
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7. The sound dampening article (20. 50. 60. 70. 80. 90, 1 10) of claim 6. wherein the sheetf34> of vibration damoeni™ 

faces harder than the surfaces of the sheet(s) (34. 84) of vibration dampening mateS ^ 

9. The sound dampening article (20. 50. 60. 70. 80. 90. 110) of claims 1 to 6 wherein the sheet (an at vih«««™ 

rrnZST. .t?° n danpening properties different than the predetermined vibratiomianW 

™,S? r f, ,h l f !? ^ f 4 > fe P^«"t and the first and second sheets (34. 84) of vibration impend 
materials are secured to each other by an intermediate sheet (29). vioraiion dampening 

10. The sound dampening article (20. 50, 60. 70. 80. 90. 110) of claims 7 or 8 wherein the sheet (an at «th«««„ 
dampens , rnateria. is sandwiched between intermediate sheets (74. 7*Z5l^&&ff£SZ2 
ond sheet (24) are secured to the intermediate sheets (74. 76) by plastic interfere (2s! 36). 

S%«^ C !SlT rti0 u t 0 ' ^ 601 70< 801 901 "0) of claims 9or 10. wherein the intermediate sheetfs) (29 
74. 76) has (have) surfaces harder than the surfaces of the outer plastic inter1ayer(s) (28. 36). 

12. The sound dampening article (20. 50. 60. 70, 80, 90. 1 10) of any of claims 1 to 1 1. wherein the sheetfel of uih^ti™, 
dampens material is (are) of a viscoelastic polymer or a polyurethane elastomer 

13- ^HTpS* (20> * 6 °- 7 °- «■ * 1105 * daim 12 - wherei " — dampening materia, is an 

35 pTast^S2S n S SKif J2,? ' 70 ' f: 9 °- 110) * * daims 6 to 13 - «id materia, of the 

plastic inter.ayer(s) (28. 36) is selected from polyvinyl butyral. ethylene vinyl acetate (EVA) or polyurethane. 

1S " wir^ d T P 1? i ^^ e (20, SO - 60 - 70 - *>■ 110 > °* any of claims 9 to 14. wherein said material of the 
intermediate sheet(s) (29. 74. 76) is selected from plastic, metal, wood, glass, or ceranST 

16 ' £!J£^ d ™^? a ?° le (20, 5 °- »• 70 ' 80 - 90 - "°> «>» claim 15. wherein said plastic for the intermediate 
sheets) (29. 74. 76) is selected from polyesters, ethylene vinyl acetate. •ntermed.ate 

2^ate^T) nin9 ^ (2 °' 60> 7 °- 8 °- 90 ' 110) * daim 16 ' -« P°'yester is polyethylene 

18 * SiSg mPenin9 aftlC,e (2 °' 501 601 70> «°- S 0 - "0) ^ any of claims 1 to 17. wherein the article is an automotive 

50 19 *p^„tT rt ^ de ^^ 

20. The aircraft transparency of claim 1 9. wherein said transparency comprises a pair of glass sheets (2? oay 
one of the sheets and a protective sheet over the sheet (34) of dampening material. 

21. A method of making a sound dampening article according to any of claims 10 to 18 by the steps of 
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providing a sheet (34) of vibration dampening material having opposed tacky rmyor surfaces (32, 38); 

placing a non-tacky intermediate sheet (74. 76) on each of the major surfaces (32, 38) of the sheet (34) of 
vibration dampening material; 

positioning an interlayer (28, 36) on each of the non-tacky intermediate sheets (74; 76); 
positioning a glass sheet (22, 24) on each of the interlayers (28, 36) and joining the sheets (22, 24) and the 
mterlayers (28, 36) and the intermediate sheets (74. 76) and the sheet (34) together to form the second damp- 
ening laminated article (20, 50, 60. 70, 80. 90, 110). 
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22. The method of claim 21 , wherein the joining step is accomplished by subjecting the sheets (22, 24) and the other 
layers (34, 28, 36, 74, 76) to heat and pressure. 
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